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FRAK,1S FOR ITE,3H_-JED SYSTEMS OF LARG-- :TE AT--.

KrYstyna Jakubowska

The present advances in the technologv of integrated systems

are directed mainly at increasing the element packing density and

imrrovin the 'uality. This determines to some extent the e f

the type of frame, both in terms of technical parameters and the :p r ce

of individual frames.

Since the cost of an individual structure has gone down, the

main component in the price of the complete element is now its frame

and the cost of assembly. Therefore, the producers cf frames, aside

from optimizing the frame construction, are conducting intensive studies

aimed at lowering the costs of the frames and devisinz the least ex-

pensive ways of assembling them.

The frames of integrated systems may be divided into twc classes

according to the material: plastic and ceramic. At cresent, bth

have their enthusiasts and it is difficult to state categoricall_

which is better, taking into account both technical parameters and

the cost. Frames made of man-made materials are cheaper, but less

reliable. The reliability of plastic frames has been recently xreatly
improved by the use of masking layers of silicon nitride of _ __

and appropriate design of the semiconductors. 7n addition, the num-

ber of defects during hermetization has decreased since new epoxy resin

ient into use (so-called Polyset B produced by Morton Chemical Co

Some companies in their effort to lower the price of the finished

elements have used man-made materials for hermetization of systems

which even contain MOS type elements. In 1971, at Texas Instruments,

.OS elements went into production in plastic frames with 40 leads

which resulted in a 255 decrease in cost compared with cerami2 hermet-

ization [1].

Ceramic frames are more expensive. The price of a plastic frame

for systems of larze scale integration is on the order of 25-40 cents,

and that of ceramic frame, 95 cents [2]. This simple price comparison

does not, however, reflect the full cost, i.e., it does not take into



account the differences in the cost of assemby and in the savings

obtained for each type of frame. At the same time, ceramic frames

are more reliable and may be used under the most difficult ccndit_" ,ns.

Plastic frames.

The widely used method of imprinting hermetization for man-made

materials in the case of systems of large scale in-eraticn does no.

fulfi- th-e necessar77 requirements. Defects of wire leads (for hiher

levels of inzgration one has to deal with dozens cf connections),

separation of layers of the material which does no: adhere sufficienzy

to the assembly, poor resistance to humidity, corrosive atmosphere

and tem-erature changes are the orincipal drawbacks of the ccnven-

tional plastic frames.

TIe optimization of such frames and future orosoects are re:re-

senred by hardened resin of appropriate share (plastic cavity pacla--i

7n -he U.S., such frames are produced by 5 companies. Two of them--

"orth American Rockwell Microelectronics and :.S 7echnoloy, roduce

frames for their own use, whereas U. S. Electronics Services, Yells

rlastics (formerly Interbound Systems) and Semiccnduc:or C...cnens

Substrates sell such frames.

There are several more inzeresting structural soluzicns which are

worth discusssing [2,3,41. The frame USES (Figure 1) is composed 3-

a plate of material pressed together with the assembly line bent in

such a way that the ends of the leads are located at the plastic sur-

face. The nlate obtained is covered with a metal lay.er by chemical

methods with a layer of "i cf 1.25 um thickness and a l.: Im layer

of Au. Z

Figure 1. Frame of the USES firm: 1-assembly line, 2-metal-
!izai.Dn, 3-cover, 4-epoxy resin.
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The metal layer forms the base for making wire connections and

on the other side it touches the bent leads of the line. Next, a

layer of plastic with an openin7 at the center is applied and con-

nected to the base of the frame. After metallization of the area

designated for the crystal, the frame is ready for assembling the

structure of integrated system. A cover is glued on top. This frame

is characterized by a very high impermeability, especially because

metal paths are applied on olastic rather than introducing the ends

of assembly line into the frame. This construction of course, requires

the knowledge of how to achieve metallization of man-made materials.

This metallization is characterized by better adhesiveness to plastic

than the assembly line which results in higher imoermeabilit of the

frames.

A disadvantage of such a frame is the necessity for making the

connections by the ultrasound method, although recent studies have

confirmed the possibility of applying thermo-compression using epcxy

resin and somewhat thicker metal paths.

-FAME "'1ELL" (Figure 2). in this frame we have an aluminum plaoe

embedded under the assembly line; this plate serves as an underlay

for the structure during ultrasound connection of the wires. The plate

is oxidized anodally such that the consecutive leads of the assembly

line are isolated from the "island" with the semi-conductor structure.

The upper cover is connected with the frame by epoxy resin.

Figure 2. Frame of the WELL Company: 1-assembly line, 3-
cover, 4-epoxy resin, 5-anodized aluminum plate

By using an aluminum plate, this frame makes it possible to make

the connections by the ultrasound method. In addition, the aluminum
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,late increases the mechanical rigidity of -he frame. A similar

construction is used by the SCS firm, as shown in Figure 3. Accord-

i to catalog data, a guaranteed impermeability of these frames isc 3  7_ 08 3/ i

!>1 c. /min for helium and in practice, it is 107-! cm /min for'

helium.

4 3

Figure 3. Frame of the SCS firm: 1-assembly line, 3-
cover, 4-e-oxy resin, 5-anodized aluminum plate

FRAME "MPF2IEC" (Figure 4). Structures assembled in these frames

are masked by a layer of silicon nitride (protection azainst chemi-

c-l and ion contamination) and by a layer of silicone rubber (oro-
tection axainst mechanical damave, shorts and corr-son of the

connections).

The structures are soldered onto a gold-plated underlay which

is glued to a depression having the shape of the plastic tih te

assembly line. Both the underlay and the cover are zlued , .ith Ccxy

resin.

4. i

Figure 4. Frame of the NRMC firm: 1-assembly line, 3-
cover, 4-ecoxy resin, 5-metal plate

FRA4E "YS Technology" (Figure 5). This frame is made in two

operations of resin pressing. In the first a similar shape is ob-

tained as in the other frames with a pressed assembly line. This

shape is made of silicone resin. After the crystal is soldered and

wire leads are made, covers are applied from above and below and the

entire structure is hermetized using pressing technique with epoxy
resin.
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This combination of silicone and epoxy resin increases the re-

s stance of the frames to humidity, corrcsive atnsphere (salt .',S-t- )

and resistance to bending. Also, the price is low, 20 erts f a

frame with 40 leads, only a few cents more than for ccmplete frames

"Complete" frames. Some producers of integrated systems with

large scale integration still use 40-lead frames manufactured by the

conventional pressing technique. For instance, Texas Instruments 'er-

metizes more than half of its production by this method, including

.!OF type systems. However, the semiconductor structures are then

scecia iy prepared, i.e., covered with glaze before hermetizaticn

(except for systems with very short switching tire). In ccn-rast to

the plastic shapes discussed previously, in the case of "complete"

frames silicone resin is universally applied, and most recenti, the

eocxy resin Polyset B of the Morton Chemical Cc., USA. This resin

s free from ionic impurities and is characterized by high compress-

ion durinT solidification which assures good adhesiveness 7o the

assembly line, the crystal and the wires. The temperature of the

resin change, i.e., the temperature at which the expansion ccefficient

of the plastic increases abruptly, is more than 1501C and for those

ienerally used until now, it is 1100 -120 0 C.

Figure 5. Frame of the firm MOS Technology: 4-epcxy
resin, 6-metal cover, 7-epoxy resin

Ceramic frames.

The frame DIP (eng. dual in pluo), produced using the so-called

7ER-DIP technology [5] is a ceramic frame generally used for hermeti-

zation of integration systems. Usually, these are frames i 8, la,
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16 or 24 leads. 'The frame is composed of two rectangular shapes of

alundum ceramic (for special applications beryllium ceramic is used)

in which decressions are formed (Figure 6). The ceramic shapes are

made by pressing in the cold the dry ceramic powder in presses with

10-20T pressure. Small amounts of wax or another organic glue are

added to the powder in order to bind the shape mechanically.

I. . a C .Una

Figure 6. Frame of CER-DIP type. Key: 1-cerarrIc -o ier, 2-1uw
melting Qlass, 3-ceramic shape.

The ceramic prepared in this way is called ".reen". The snaes

obtained have very low mechanical resistance and can be broken even

by hand.

After baking, the ceramic shapes are covered by ic;-melit . neF

of 0.25-0.4 mm thickness. The semiconductor structures are assembled

directly on the assembly line, similar to the procedure cr olastic

frames, which is made of alloy 42 (42% Ni, 58% Fe) of 0.15-0.3 r

thickness. The assembly bands are zalvanically covered *:ith cld,

silver, nickel or aluminum. The choice of the coverfng material is

decided here on the basis of economy. Over the last few years the

cost of silver bath has increased from $1.293 cer ounce to 2 .55

and then stabilized at 8l.60-2.00 [6]. Durinz the same time the cost

of Zold has fluctuated between t35 and $42.25 per ounce. At present,
it is $40.25. Taking into account the reliability of the inal ele-

ments, the best results are obtained by zold platin of th'e bands and

using gold wire for the connections with the structure. Frequently,

the zold coverina of the band is replaced by silver. A zcod quality

of the connections can then be obtained only by using thermccompressicn

by gold wire. Usinz bands that are covered with aluminum, because of

easy oxidation of the covering, it is necessary to use the ultrasound
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techniaue for makinR the connections. The advantage of this choice

of covering metal combination (Al on band--Al wire--metallizatio- 1l

on semiconductor structure) is the increased reliab lity Cf the

finished elements (absence of purple disease and wbite disease,

absence of connection potential when various metals are connected),

as well as considerable lowering of the cost of the frame and assem-

bly (assuming the price of aluminum for the unit cost of using silver

's 66 and for zold, 1580) [6].

Assembly lines with assembled semiconductor structures are de-

rosited on ceramic shapes on too of a heater at abou- 3¢Cl for sev-

eral dozens of seconds and the band is mechanically pressed onto. a

arer o. - laze. At this temcerature the 2!aze 13 soft =ened nd con-

nected to the band. At present, primarily recrystal!-4_7.f... :lazes r-r

used with the composition PbO-ZnO-920 3, which crystallize as 'b-Zn

tcrates. The typical glazes are CV97 of the Owens-Z 'I o-cana

o-r Corning 7583. After application and .refiminary heatf_+ Jurin_

the connection time of the ceramic with the assembly band, 7he laze

remains amorphous and begins to crystallize only durn t+ - he _-'e i ...---

:n- of hermetization. This gives connections which are twice as zcd

as those for non-crystallizing glazes. The process of crystallization

Is very critical and should take place under conditions cf maximum

fluidity and highest rate of crystallization and thus at maximum ten-

perature, somewhat lower than the temperature of secondary melting

of the glaze. The use of crystallizing glazes zives several advantages,

but it requires a very detailed thermal processinz of the glaze, both

during the preliminary heating and the hermetizaticn of the frames.

Thus, for the ziaze CV97, the temperature of softe 4ni is 350 0C (te

cerature of baking of the glaze on ceraric), the temperature of cry-

stallization is 1 890 C (temperature of hermetization of the frames) and

the temoerature of secondary melting is 533'C and is the maximum temoer-

ature of the frames. Exceeding it causes deterioration of the proper-

ties of the glaze. The temperatures listed may vary depending on the

rate of heating, the type of surrounding atmosphere and the temperature

distribution in the oven. In order for crystallization to occur onl-y

during hermttization of the frames, and in order to avoid secondary
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e__ z _ ': th1,e 2 1a ze, in -ractice, it is necessary to use ovensi~

very exact, temoerature d!Istribution 2cr- hermetization. 4ls, fo

-cn-~41--cn -revazior, ft is necessary to etermfne: ch ar

aitctemperatures for the Riaze bein7 used each- time, e_-1

bthe met-hod of diff'erential heat analysis Ce::- :I)-. _7U TUS,
the 2eramic shaze ;inattached assembly band and semiconductor struc-

ture, covjered by a second ceramic shap e, is hermetized --n a :crar~-.t

2assett;e, usually in a band-type oven a: the crystalliza 7 on er-

ature 3-- the gLaze.

Anther type of f'rame is shown in Fi -ure 7. 7t corss Of a

clate cf alundum. ceramic, tlo which the assembly band is attachned -

~et e: wth the second ceramic plate a4 ~ rectangu'-ar cpenf-c nt

the cent;er.

::-* ure 7. Ordinary ceramic frame o" D7= type 'A' -:;r
2-soldering: foil, 3-glaze, 4 -glaze or layer c2 Au, ~
ceramic.

The frame prepared in this manner is ready 2fcr the as-smblT7

elements, -following which it is hermetized from above by a ceramic

metal cover. The attachment of the cover can b~e a! chieved by -zl7aze

eu'tectic alloy, e * !. , 80%0 Au, 20% Fn (now --he allov 78-221 is re=om

mended). Frames o2 this typce are very ex-,ensi -ve 5and. r- u, ej-

tractice 2cor systems of small and intermediate intIe~craticn sca-e.

The widely used frame type DIP leaves a lot to be des'-red in

terms of shape and mechanical resistance, especially; for systlems-A!.-

a large number of leads. Therefore, for ceramic frames a totally ne:

concept has been developed, namely the edwe mocunt -,ackag:e in which --he

assembly band has been replaced by metallization on the ceramic and ~

external edge connector, Fizure 8. For the first time these fram-es
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A similar design of a frame -:iithout leads 'S4-1 e ram o ion

CMncany of San Dfegzo (_Figure 9) . This frame has ~.assembi, 'an~do

about 25 urn thickness between twoj ceramic plates. The ceramlc olantes

-avre open-ings which let the bolts of the assembly plt Pas

?'o ting through the foil. in this manner, points on the assembly

Plate are connected to the leads of the Integrated sy'stem. T"he lar-

oest frames of this type have 51 leads at pre sent[I.

C 11LU IOI

We can now distinzuish the most promisinz solution -for -zhe frames:

1. Ceramic frame with edge mount package and edge ccnnector,

2. ceramic frame without leads for assembly plates wjth bolts,

3. plastic frame of DIP type made of plastic shaces.



Taking into account the fact that the cost of a framne is much

hiher than the cost of the structure and assembly, it is 1r--rtan

to analyze in depth the economy of any given frame for its 2z... e.

.7e should also remember that an eventual later chanze in the frane

type leads to high expenses related not only to the zroducticn

frames, but also to the assembly of semiconductor elements. The re-

cuirements of the users and the possibilities of acquiring a ve.n

type o:f frame are also important. Frequently, a frame is chosen

because of the future tossibility of its local oroducticn. ... loat

consideration accounts for the fact that any companies tend to us

clastic frames since they are the easiest to produce and thus all:

the comnpany to become independent of outside suocliers.
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